Methods
The study was approved with permission No B.30.2. HAC.0.20.05.04/2276, by the Local Ethics Committee for Medical Research, Hacettepe University Medical Faculty on 28.08.2009. After written informed consents were obtained from the parents of the children, 20 ASA I-II normal children (Group N) aged between 2 and 15 years, with no neurological disorders that affect the mental functions, and 20 children with nonverbal cerebral palsy that could not communicate (Group CP), aged between 2-15 years undergoing elective orthopaedic surgery were included in the study.
All patients received oral premedication with midazolam (0.5 mg kg -1 , maximum dose, 15 mg) 15 minutes before entering the operating room. In the operating room, standard monitoring including electrocardiography, non-invasive blood pressure (NIBP), pulse oximetry, capnography, temperature and BIS monitoring, were performed. The Emla cream (2.5% lidocaine and 2.5% prilocaine) was applied to the dorsum of the hand 45 minutes before the induction and a 22 gauge intravenous cannula was placed immediately before the induction of anaesthesia. During the operation, body temperature was kept at 35.0°C and above and the end tidal CO 2 between 30-40 mmHg.
Anaesthesia was induced using 1% propofol at an infusion rate of 200 mL/hour with a target BIS of 50. The patients received 1 µg kg -1 of fentanyl for intraoperative analgesia. Neuromuscular blockade was induced with 0.6 mg kg -1 of rocuronium and the patients were intubated using an appropriate size endotracheal tube, based on the child's age and weight. No additional opioids or analgesics were used during the operation. Maintenance of anaesthesia was performed using an end-tidal desflurane concentration between 4%-6% in 50% oxygen/NO mixture.
BIS monitoring was performed with Datex Ohmeda BIS monitor (Datex-Ohmeda Division, Instrumentarium Corp. Helsinki, Finland), digital signal converter (Aspect Medical Systems model DSC-XP, Newton, MA, USA) and disposable (age-appropriate) paediatric or adult BIS electrodes. The BIS values were recorded; before the induction of anaesthesia (T1), immediately after the induction of anaesthesia (T2), at a steady-state end-tidal desflurane concentration of 4% (T3), at a steady-state end-tidal desflurane concentration of 6% (T4) and immediately after emergence from anaesthesia (T5).
The BIS measurements at steady-state end-tidal desflurane concentrations were started to be recorded 20 minutes after the induction of anaesthesia and the recordings were made when the end-tidal desflurane concentration was kept at least for 15 minutes at the targeted level. As the BIS values were expected to show variability, maximum and minimum BIS values and their arithmetic means were recorded at each steady-state concentration.
Emergence from anaesthesia was accepted as spontaneous eye-opening after extubation, crying, moaning or making volitional movements. All of the measurements, except BIS values obtained after emergence from anaesthesia, were performed without giving any opioids or analgesics in addition to the initial dose of fentanyl. However, for postoperative analgesia, the patients received 15 mg kg -1 of paracetamol and 0.1 mg kg -1 of intravenous morphine 20-25 minutes before the surgeon began closing the skin. In all patients, the vaporizer and NO were turned off when the skin closure began and ventilation was continued manually with 100% oxygen. In order to reverse neuromuscular block, 0.05 mg kg -1 of neostigmine and 0.01 mg kg -1 of atropine were given intravenously. The patients were extubated after the criteria for extubation were met and were transferred to the recovery room.
In addition to the bispectral index values, patient demographics, duration of anaesthesia and surgery, the operation performed, time to extubation (i.e. from cessation of desflurane to extubation), eye-opening time (i.e. from cessation of desflurane to eye opening), the amount of propofol used, the total amount of desflurane used and heart rate and blood pressure at each BIS measurement were recorded.
Statistical analysis
The data were analyzed using SPSS version 16.0 (Statistical Package for the Social Sciences). The chi-square test was used for comparison of categorical variables between the groups. The Kolmogorov-Smirnov test was used to determine whether the variables were normally distributed. All variables that were compared between the two groups were normally distributed. The normally distributed numerical variables were compared using independent samples t-test. The normally distributed parametric variables were presented as mean±stan-dard deviation (mean±SD). Paired sample t test was used for intragroup variation over time. A p value of less than 0.05 was considered to be statistically significant.
Results
The two groups were similar in terms of gender, age, height, weight, and duration of surgery and anaesthesia. As all the patients in Group CP were non-communicative and nonverbal individuals although they have no other diseases, they were classified as ASA II and thus, we found a significant difference between the groups in regard to ASA scores (p<0.001) ( Table 1 ). The most common concomitant diseases in group CP were mental retardation, epilepsy, gastro-oesophageal reflux and hearing disorders. There were no concomitant diseases in group N except hearing disorder in one patient, epilepsy in one, and meningomyelocele in two patients. Multiple surgical procedures including osteotomy, tendon transfer and release were performed in the same session in 5 patients from group CP and in 3 patients from group N. The most common surgical procedures in patients with cerebral palsy were multiple release and extension osteotomies.
When the time to extubation and eye-opening were compared, it was found that there was a significant delay in group CP (p values for the time to extubation and the time to eye-opening were 0.026 and 0.002, respectively) compared to group N. There were no significant differences between the two groups in regard to total amount of propofol (mg) used during the induction of anaesthesia and total amount of desflurane used (mL) during the operation (Table 1) .
We found no significant difference between the two groups in terms of heart rate, mean arterial blood pressure and systolic blood pressure in different time periods. There was no significant difference between the two groups in regard to the diastolic blood pressure values recorded in T1, T3 and T4 periods whereas, diastolic blood pressure recorded after the induction of anaesthesia and after the emergence from anaesthesia were found significantly lower in group N than that in group CP (p=0.043 and p=0.010, respectively).
In group CP, heart rate was found to be significantly higher in T4 (at a steady-state end-tidal desflurane concentration of 6%) than that in T3 (at a steady-state end-tidal desflurane concentration of 4%) (p=0.017), whereas heart rate values recorded in T3 and T4 periods were not significantly different in group N. Comparisons within both groups, showed no significant differences in systolic, diastolic and mean arterial pressure values that were recorded at steady-state end-tidal desflurane concentrations of 4% and 6% ( Figure 1 ).
The highest BIS values, which were recorded before the induction of anaesthesia (T1), at a steady-state end-tidal desflurane concentrations of 4% and 6% (T3, T4) and after emergence from anaesthesia (T5) were significantly lower in Group CP than Group N (p<0.001, p=0.029, p=0.048, p=0.015, respectively). There were no significant differences between the two groups in regard to the highest BIS values recorded after the induction of anaesthesia.
The lowest BIS values which were recorded at T1, T3 and T5 periods were also found to be significantly lower in group CP than that in group N (p<0.001, p=0.037, p=0.003, respectively). However, there were no significant differences between the two groups in regard to the lowest BIS values recorded after the induction of anaesthesia (T2) and at a steady-state end-tidal desflurane concentration of 6% (T4).
Mean BIS values, which were recorded before the induction of anaesthesia (T1), at a steady-state end-tidal desflurane concentration of 4% (T3) and immediately after emergence from anaesthesia (T5) were significantly lower in Group CP than that in Group N (p<.001, p=0.026, p=0.004, respectively). There were no significant differences between the two groups in regard to the mean BS values recorded after the induction of anaesthesia (T2) and at a steady-state end-tidal desflurane concentration of 6% (T4) ( Table 2) .
In both groups, all the BIS values that were recorded at a steadystate end-tidal desflurane concentration of 6% (T4) were significantly lower than that of those recorded at a steady-state end-tidal desflurane concentration of 4% (T3) (p<0.001, p=0.001, p≤0.001 respectively) ( Figure 2 ).
Discussion
In the present study, in which we investigated the association between end-tidal desflurane concentrations and BIS values in normal children and in children with cerebral palsy, we found that the BIS values, which we recorded at a steady-state end-tidal desflurane concentration of 6% were similar in two groups whereas the mean BIS values recorded at a steady-state end-tidal desflurane concentration of 4% were significantly lower in children with cerebral palsy than in normal children.
As the development of central nervous system is mostly completed until two years of age, there are many studies suggesting that BIS monitoring may safely be used in children aged over two years (5, (12) (13) (14) . Therefore, based on the information in the literature, we included the children who were between 2 and 15 years of age.
Minimum alveolar concentration and MAC-awake values were found to be lower in children with cerebral palsy than in normal children. The use of anticonvulsant drugs further decreases the MAC value. Therefore, prolongation of the effects of volatile anaesthetic agents may delay early postoperative recovery after surgery (1). Susceptibility to hypothermia also contributes to the prolongation of the time to awakening and the time to extubation (1). In one study where sevoflurane anaesthesia was used, the increase in BIS values at 5, 15 and 30 minutes after the cessation of sevoflurane were slower in children with cerebral palsy compared to normal children (11) . Similar to data in the literature, we found that the eye-opening time and the time to extubation after anaesthesia was discontinued were significantly longer in children with cerebral palsy.
There are studies suggesting that use of BIS monitoring in the assessment of the depth of anaesthesia decrease the need for propofol during anaesthesia induction. Saricaoglu et al. (9) , in their study on 20 children with CP that were scheduled for elective orthopaedic surgery, found that the amount of propofol required for achieving BIS values of 35 to 45 during induction was significantly lower in patients with CP than in normal controls. However, the patients in that study received total intravenous anaesthesia with propofol, and the total amount of propofol that was used throughout the operation was higher in children with CP than in controls. Same study demonstrated that the total amount of propofol required during the induction of anaesthesia was not different between CP children on anticonvulsants who had a history of seizures and those who did not have a history of seizures. There were also no significant differences between children on different anticonvulsants (diphenylhydantoin and phenobarbital) in regard to the amount of propofol required. Despite its small sample size, this study provides information about the importance of BIS monitoring in patients with CP. In this present study, for the induction of anaesthesia, we used 200 ml/hour infusion of propofol until a BIS value of 50 was achieved. However, contrary to the study of Saricaoglu et al. (9), we found no significant difference between the patients with CP and the normal controls in regard to the total amount of propofol used during anaesthesia induction. Although, Saricaoglu et al. (9) avoided preoperative sedation which may affect BIS values, we performed premedication in all patients with oral midazolam 15 minutes before the induction of anaesthesia. The initial BIS values, which were recorded after premedication in the operating room, were lower in children with SP compared to that in normal children. The difference between the two studies in regard to the total amount of propofol used during induction may be associated with the effects of preoperative sedation. Similar to the study of Saricaoglu et al., there are other studies suggesting that awake BIS values in patients with CP are similar to that of patients without CP. The fact that BIS values were not obtained before premedication is among the limitations of our study.
Costa et al. (15) found that BIS values were lower after premedication with oral midazolam in children with CP than in normal children, however, contrary to our findings, this difference was not statistically significant. This controversy may be due to a variety of reasons including; the inclusion of only CP patients who were unable to speak and communicate and had severe mental retardation, whereas Costa et al. (15) ) the BIS values of children are at levels that may be suggestive of mild sedation. As a conclusion, midazolam can be considered as a safe medication that may be used to relieve anxiety in children with CP before the operation.
Choudhry et al. (7) investigated the relationship between different sevoflurane concentrations and BIS values in normal children and in children with CP who were mentally retarded and also quadriplegic. They recorded the BIS values after midazolam premedication, after induction with 8% sevoflurane, at 1%, 3%, and again 1% end-tidal sevoflurane concentrations and after awakening from anaesthesia. The BIS values after premedication, at 1% sevoflurane concentrations and after awakening were found significantly lower in patients with cerebral palsy. However, no difference was found between the groups in regard to the values recorded after induction with 8% sevoflurane and at 3% sevoflurane concentrations.
By using short-latency somatosensory evoked potentials and BIS monitoring, Mello et al. (10) supported the fact that anaesthetics had more profound effects in patients with CP. However, in our study, the mean BIS values after premedication, at a steady-state end-tidal desflurane concentration of 4% and after awakening were significantly lower in CP group. The mean BIS values measured at a steady-state end-tidal desflurane concentration of 6% were also lower, however this difference was not of statistical significance (p=0.056). The BIS values after the induction of anaesthesia were similar in the two groups.
In both groups, all BIS values recorded at a steady-state end-tidal desflurane concentration of 6% were significantly lower than that recorded at a steady-state end-tidal desflurane concentration of 4%. During the operation, BIS values were kept below 60, which was being accepted as the safety limit against the risk of awareness during general anaesthesia. However, the marked increase in BIS values at desflurane concentrations <4% in the control group and the substantial decrease to hypnotic levels at 6% desflurane concentrations in the CP group is remarkable.
Except the studies which revealed a perplexing association when the sevoflurane concentrations was raised over 3%, all studies investigating the relationship between end-tidal sevoflurane concentrations and BIS values in children demonstrated that these two parameters were inversely proportional in children as they were in adults (5, 13, 16) . We could not identify any studies investigating the relationship between BIS and desflurane in children. In our study, in which children between 2 and 15 years of age were included, we found in both groups that the BIS values recorded at a steady-state end-tidal desflurane concentration of 6% were significantly lower than that recorded at a steady-state end-tidal desflurane concentration of 4%. Bispectral index monitoring seems to be favourable in determining the requirement of anaesthetics in children over 2 years old.
Saricaoglu et al. (9) found no difference between children with CP and normal children in regard to heart rate and systolic blood pressure values, which were obtained before and after propofol induction. In our study, we also found no significant difference between the CP group and the control group in regard to heart rate and mean arterial blood pressure values obtained before and after the induction of anaesthesia, at steady-state end-tidal desflurane concentrations of 4% and 6% and after awakening from anaesthesia. After awakening, the heart rate and the mean arterial blood pres- sure were higher than initial values in patients with cerebral palsy, whereas such difference was not observed in controls. We think that the significant increase in heart rate and mean arterial pressure in children with cerebral palsy after awakening may be due to a variety of factors including; the higher level of pain due to contractures and spasticity or higher level of anxiety due to communication difficulties and mental retardation in CP children. Most of the time, it is difficult to assess pain in these children because of communication problems. The pain assessment scales may not always be reliable in children with mental problems. For this reason, postoperative pain management may not be sufficient. In our study, all children received 15 mg kg -1 of intravenous paracetamol and 0.1 mg/kg of intravenous morphine 20-25 minutes before skin closure. However, the fact that pain scores were not compared postoperatively between the two groups in the postoperative period may be considered as another limitation of our study.
A correlation may not always exist between the BIS values and the response to certain stimuli such as surgical intervention. There are studies suggesting that hemodynamic responses are not correlated with BIS values during intubation and laryngoscopy, where the BIS values indicating deep anaesthesia (17) (18) (19) . In our study, although there were no significant difference between the groups in terms of heart rate and mean arterial pressure values that were recorded at all stages, the BIS values recorded before the induction of anaesthesia, at a steady-state end-tidal desflurane concentration of 4% and immediately after awakening from the anaesthesia were significantly lower in patients with CP.
The main limitations of our study were the limited number of patients and not recording the BIS values before premedication. We preferred to start recording the BIS values after midazolam premedication especially because cooperation difficulties in the children with CP, and also because their anxiety might get worse if they were taken to the operating room without premedication and as EMG signals might interfere with BIS values. In the present study, we only included the children with severe CP, who were mentally retarded and had difficulty in communication. However, CP may cover a wide range of clinical situations in which anaesthesia characteristics and BIS values may differ.
Conclusion
The bispectral index had been developed in mentally normal adults. Therefore, our opinion is that further studies are needed on the effectiveness of BIS monitoring in patients with mental disorders, especially children. As we did not encounter any previous studies investigating the relationship between end-tidal desflurane concentrations and BIS values in children, we think that this present study is suggestive on this topic. We conclude that BIS monitoring in children with CP may allow the use of lower concentration of anaesthetics and this fact may be favourable in terms of reducing the multiple drug-related side effects and drug interactions and hastening emergence from anaesthesia, as well.
